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CLAIMS 



[Claim(s)] 

[Claim 1] silicon substrate top the compoimd semiconductor substrate made [ the group-Ill- V- 
semiconducter layer ] to carry out epitaxial growth - setting - the above it consists of the same 
configuration element as a group-Ill- V-semiconducter layer - compared with an EI group atom, V 
group atom is superfluously included in 1.5% or less of range 0.2% or more Compound semiconductor 
substrate characterized by including at least one or more layers of group-Ill- V-semiconducter layers. 
[Claim 2] silicon substrate top a group-III-V-semiconducter layer is set to the manufacture approach of 
the compound semiconductor substrate which carries out epitaxial growth - V group atom is made to 
incorporate superfluously in 1 .5% or less of range 0.2% or more compared with an III group atom, and 
V group atom is included superfluously The manufacture approach of the compound semiconductor 
substrate characterized by including the process into which a group-Ill- V-semiconducter layer is grown 
up. 

[Claim 3] Compared with an III group atom, V group atom is included superfluously. After carrying out 
epitaxial growth of the group-Ill- V-semiconducter layer, it is made to grow up after that. The 
manufacture approach of the compound semiconductor substrate according to claim 2 characterized by 
giving the heat treatment process in temperature higher than the growth temperature of a group-Ill- V- 
semiconducter layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the compound semiconductor substrate used for light or 
a high-speed electron device by the detail, and its manufacture approach more about a compound 
semiconductor substrate and its manufactiu-e approach. 
[0002] 

[Description of the Prior Art] In recent years, epitaxial growth of the compound semiconductor of a 
different kind is carried out to this on a substrate, and the compound semiconductor substrate which can 
utilize each advantage in said substrate and compound semiconductor is studied. For example, by 
carrying out epitaxial growth of the GaAs on a silicon (it being hereafter described as Si) substrate, the 
compound semiconductor substrate which combines the mechanical strength which Si holds, and the 
high-speed responsibility which GaAs holds is produced, and the compound semiconductor substrate 
obtained by such approach is applied to the electron device, the optical device, etc. However, it is easy 
to spread said rearrangement with the stress which there was a big difference in the lattice constant and 
coefficient of thermal expansion in Si and GaAs, it originated in this lattice constant difference, and the 
rearrangement was [ stress ] easy to be formed in the interface of Si substrate and a GaAs layer, and was 
generated based on said coefficient-of-thermal-expansion difference toward the firont face of said GaAs 
layer. Consequently, many said rearrangements existed in said GaAs layer front face, the crystallinity 
near [ in said GaAs layer ] the fi-ont face fell to it, and there was a problem that it was difficuh to 
demonstrate the function as a device etc. good. 

[0003] To insert the rearrangement reduction layer for controlling propagation of a rearrangement into 
said GaAs layer as an approach of reducing dislocation density [ / near the GaAs layer fi-ont face ] is 
tried. The distorted superlattice layer which has a different presentation fi-om a GaAs layer m this 
rearrangement reduction layer, the layer by which the impurity was added are examined (application 
physics: 61 No. 2 andpp(s) 126-133, and 1992). 

[0004] The compound with which a lattice constant differs from GaAs layers, such as for example, an 
InGaAs layer and a GaAsP layer, is used for said distorted superlattice layer, if this distortion super- 
latticed layer is inserted, it will be distorted, the propagation of said rearrangement will be bent, and 
reduction of dislocation density [ / near / said / the GaAs layer front face ] will be achieved by [ which 
arose from now on ] suppressing propagation of this rearrangement. Moreover, if impurities, such as Zn, 
In, and Si atom, are added in a GaAs layer, propagation of the rearrangement near [ said ] the GaAs 
layer front face will be controlled by the effectiveness that a crystal becomes hard, and the effectiveness 
that pinning of said rearrangement is carried out, and reduction of dislocation density will be achieved 
according to them. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the compound semiconductor substrate with 
which the above-mentioned distorted superlattice layer was inserted, the band structure of a GaAs layer 
tended to change with said distorted superlattice layers, and the technical problem that change of this 
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band structure tends to have a bad influence on the electrical characteristics near the GaAs layer front 
face occurred. 

[0006] Moreover, in the compound semiconductor substrate with which said impurity was added, after 
said impurity was spread near the GaAs layer front face from said rearrangement reduction layer, 
impurities, such as Zn, In, or Si atom, acted as a dopant, and the technical problem that change arose to 
carrier concentration [ / near the GaAs layer front face ], and it was easy to have a bad influence on 
electrical characteristics occurred. 

[0007] It is made in view of such a technical problem, and this invention is on Si substrate. There is little 
dislocation density [ / near / the group-EQ-V-semiconducter layer was made to carry out epitaxial 
growth / the compound semiconductor substrate front face ], and it also aims change of band structure or 
carrier concentration at offering the compound semiconductor substrate and its manufacture approach of 
little high quality excellent in electrical characteristics. 
[0008] 

[Means for Solving the Problem] the compound semiconductor substrate applied to this invention in 
order to attain the above-mentioned purpose - silicon substrate top the compound semiconductor 
substrate made [ the group-IE- V-semiconducter layer ] to carry out epitaxial growth - setting ~ the 
above it consists of the same configuration element as a group-III-V-semiconducter layer ~ compared 
with an III group atom, V group atom is superfluously included in 1.5% or less of range 0.2% or more 
(1) characterized by including at least one or more layers of group-Ill- V-semiconducter layers. 
[0009] moreover, the manufacture approach of the compovmd semiconductor substrate concerning this 
invention - silicon substrate top a group-Ill- V-semiconducter layer is set to the manufacture approach 
of the compound semiconductor substrate which carries out epitaxial growth ~ V group atom is made to 
incorporate superfluously in 1 .5% or less of range 0.2% or more compared with an III group atom, and 
V group atom is included superfluously (2) characterized by including the process into which a group- 
Ill-V-semiconducter layer is grown up. 

[0010] Moreover, the manufacture approach of the compound semiconductor substrate concerning this 
invention contains V group atom superfluously by the manufacture approach of the compound 
semiconductor substrate the above-mentioned (2) publication compared with an III group atom. After 
carrying out epitaxial growth of the group-Ill- V-semiconducter layer, it is made to grow up after that. It 
is characterized by giving the heat treatment process in temperatm"e higher than the growth temperature 
of a group-ni- V-semiconducter layer (3). 
[0011] 

[Function] For example, in the case of the GaAs (III-V group compound) layer, it is known by making it 
grow up at low-temperature (200-300 degrees C) predetermined temperature comparatively using a 
molecular-beam-epitaxy method that epitaxial growth of the GaAs layer which contains As (III group 
atom) of superfluous predetermined concentration compared with Ga (V group atom) can be carried out 
(Thin Solid Films:231 (1993) 61-73). In this case, the superfluous content concentration of As in said 
GaAs layer is controlled by mainly changing growth temperature. 

[0012] It is the typical sectional view which drawing 6 showed in order to explain propagation of the 
rearrangement in the compound semiconductor substrate containing one layer of GaAs layers which a 
GaAs layer is made to carry out epitaxial growth on Si substrate, and contain As superfluously in this 
GaAs layer, and, as for 11 in drawing, Si substrate is shown. On the Si substrate 11, the GaAs layer 12 
which carried out epitaxial growth is formed, and the GaAs layer 13 containing superfluous As is 
formed on the GaAs layer 12. Since Ihe GaAs layer 13 is comparatively grown up at low-temperature 
predetermined temperature using the above-mentioned molecular-beam-epitaxy method and balking of 
As from GaAs layer 13 front face is controlled in the case of growth, superfluous As is incorporated by 
stoichiometric in the GaAs layer 13. Moreover, on the GaAs layer 13, the GaAs layer 14 which carried 
out epitaxial growth to the GaAs layer 12 like abbreviation is formed, a part of As superfluously 
incorporated in the GaAs layer 13 in the epitaxial growth process of the GaAs layer 14 will condense, 
and it will deposit as metal Asl3a. 

[0013] Thus, in the constituted compound semiconductor substrate, pinning of the rearrangement 15 
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generated in the interface of the Si substrate 11 and the GaAs layer 12 will be carried out by metal 
As 13a. Therefore, except for a part of rearrangement 15a, almost all the rearrangements 15 will be 
blocked by the GaAs layer 13, and the propagation to the GaAs layer 14 will be prevented, consequently 
the consistency of rearrangement 15a [ / near the GaAs layer 14 front face ] decreases. While, as for the 
superfluous content of As in the GaAs layer 13 for decreasing the consistency of rearrangement 15a, 
0.2% or more is needed, a upper limit will be restrained by the grown method and 1.5% becomes a 
upper limit in molecular beam epitaxy. 

[0014] According to the compound semiconductor substrate (1) of the above-mentioned configuration, it 
describes above. Compared with an III group atom, said V group atom is superfluously included in 1 .5% 
or less of range 0.2% or more. Said some of V group atoms may be made to condense and deposit in a 
group-ni-V-semiconducter layer. By this condensation and V group atom particle which deposited The 
above which carried out epitaxial growth on Si substrate and this Si substrate Pinning of the 
rearrangement produced in the interface with a group-Hi- V-semiconducter layer can be carried out. For 
this reason, said V group atom is included superfluously. It describes above by the group-IH-V- 
semiconducter layer. Propagation of the rearrangement to a group-Ill- V-semiconducter layer front face 
can be blocked, consequently it describes above. Dislocation density [ / near the group-IH-V- 
semiconducter layer front face ] can be reduced. Moreover, said V group atom is included superfluously. 
Since any atoms other than the configuration element of a compound semiconductor layer are not 
included in a group-Ill- V-semiconducter layer, it describes above. While being able to lessen effect 
affect the band structxire of a group-Ill- V-semiconducter layer, the compound semiconductor substrate 
of the high quality which can also lessen change of carrier concentration, therefore was excellent in 
electrical characteristics will be obtained. 

[0015] Moreover, the process which makes V group atom in the manufacture approach (2) of the 
compound semiconductor substrate of the above-mentioned configuration incorporate superfluously is 
easily carried out by adopting a molecular-beam-epitaxy method, and the excessive amoimt of V group 
atom may be easily controlled by setup of growth temperature. The above-mentioned compoxmd 
semiconductor substrate (1) will be easily manufactured by enforcing the manufacture approach (2) of 
the compound semiconductor substrate of the above-mentioned configuration. 
[0016] Moreover, by the manufacture approach (3) of the above-mentioned compound semiconductor 
substrate, said V group atom is included superfluously, A still larger sludge than that of said V group 
atom can be formed into a group-Ill- V-semiconducter layer, consequently propagation of a 
rearrangement is prevented fiirther, and it describes above. Dislocation density [ / near the group-Ill- V- 
semiconducter layer front face ] can manufacture the compound semiconductor substrate reduced 
fiuther. 
[0017] 

[Working Example(s) and Comparative Example(s)] Hereafter, the example of the compound 
semiconductor substrate concerning this invention and its manufacture approach is explained based on a 
drawing. Drawing 1 is the sectional view having shown typically the example 1 of the compound 
semiconductor substrate concerning this invention, and 1 1 in drawing shows Si substrate. On the Si 
substrate 1 1, the GaAs layer 12 whose thickness is about 1 micrometer is formed, and the GaAs layer 13 
whose thickness which contains As in an excess about 0.4% is about 0.2 micrometers is formed on the 
GaAs layer 12. On the GaAs layer 13, the GaAs layer 14 whose thickness is about 2 micrometers is 
formed, and the compound semiconductor substrate 10 is constituted including these Si substrate 1 1, the 
GaAs layers 12 and 14, and the GaAs layer 13 that contains As superfluously. 
[0018] When manufacturing the compound semiconductor substrate 10 of such a configuration, it is 
made to grow up by the molecular-beam-epitaxy method, using Solid-state As and Solid-state Ga as a 
source of vacuum evaporations First, after field bearing washes Si substrate which inclined in the [1 10] 
directions 2 degrees by about 1% of fluoric acid (HF), it inserts in a molecular beam epitaxy chamber, 
heats at about 900 degrees C, and carries out evaporation cleaning of the oxide film on Si substrate 1 1 
front face in a field (001). Next, with a two-step grown method, first, about 20 and growth temperature 
are set as about 400 degrees C, a growth rate is set as about 0.3 micrometer/h for the molecular-beam 
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intensity ratio to Ga of As, respectively, and GaAs layer (initial layer) 12a whose thickness is about 
lOOnm is grown up on the Si substrate 11. Next, about 20 and growth temperature are set as about 600 
degrees C, a growth rate is set as about 1 micrometer/h for the molecular-beam intensity ratio to Ga of 
As, respectively, GaAs layer 12b whose thickness is about 900nm is grown up, and the GaAs layer 12 of 
about 1 micrometer of sum totals is formed. Next, about 20 and growth temperature are set as about 200 
degrees C, a growth rate is set as about 1 micrometer/h for the molecular-beam intensity ratio to Ga of 
As, respectively, and epitaxial growth of the GaAs layer 13 whose thickness which contains As 
superfluously on the GaAs layer 12 is about 0.2 micrometers is carried out. Next, about 20 and growth 
temperature are set as about 600 degrees C, a growth rate is set as about 1 micrometer/h for the 
molecular-beam intensity ratio to Ga of As, respectively, and epitaxial growth of the GaAs layer 14 
whose thickness is about 2 micrometers is carried out on the GaAs layer 13. 

[0019] As a result of measuring the superfluous amount of As(es) in the GaAs layer 13 of the compound 
semiconductor substrate 10 manufactured by the above-mentioned approach, it was about 0.4%. In 
addition, this superfluous amount of As(es) was converted and calculated from the lattice constant of the 
GaAs layer 13 measured according to the X diffraction based on the relation (Thin SoUd Fihns:231 
(1993) 61-73 drawing 3 R> 3) between the superfluous amount of As(es) already calculated, and the 
elongation of a lattice constant. 

[0020] Below, the result of having measured the dislocation density and carrier concentration of a 
compound semiconductor substrate concerning an example 1 is explained. Dislocation density dipped 
the sample in the melting potassium hydroxide (KOH) kept at about 350 degrees C for about 30 
seconds, and asked for it from the number of pits per [ which appeared in GaAs layer 14 front face ] unit 
area. Moreover, it asked for carrier concentration by the capacity-amplitude measurement. In addition, 
that in which the GaAs layer 13 in the compound semiconductor substrate 10 is not formed as an 
example 1 of a comparison was used. Moreover, as an example 2 of a comparison, that in which the 
superlattice layer whose thickness is about 0.3 micrometers is inserted was used instead of the GaAs 
layer 13 in the compound semiconductor substrate 10. This superlattice layer grew up about 20nm InO.l 
GaO.9 As layer and about lOnm GaAs layer by turns by the molecular beam epitaxy, and carried out the 
laminating of the about ten layers of this, and the InO.l GaO.9 As layer grew up the molecular-beam 
intensity ratio to Ga of As by setting about 18 and growth temperature as about 550 degrees C, and 
setting a growth rate as about 1.1 micrometer/h. Moreover, as an example 3 of a comparison, that in 
which Si dope layer whose thickness is about 0.2 micrometers is inserted was used instead of the GaAs 
layer 13 in the compound semiconductor substrate 10. By the molecular beam epitaxy, this Si dope layer 
is 3 about 3x1020 pieces/cm in a GaAs layer. It was made to grow up including Si. 
[0021] Drawing 2 is the graph which showed the measurement result of the dislocation density in the 
GaAs layer front face of the compound semiconductor substrate concerning an example 1 and the 
examples 1-3 of a comparison. The dislocation density of the compoimd semiconductor substrate 10 
concerning an example 1 is abbreviation 5x106 cm-2, and althougji the example 1 of a comparison in 
which the GaAs layer 13 which contains As superfluously is not formed is started, it is decreasing 
compared with a case (about 3x107 cm- 2). moreover -- although the dislocation density of the 
compound semiconductor substrate 10 concerning an example 1 starts the example 2 of a comparison in 
which the superlattice layer was inserted - a case (about 4x106 cm- 2) and abbreviation - it was 
comparable, and although the example 3 of a comparison was started, it was larger than the case a little. 
[0022] Moreover, drawing 3 is the curvilinear Fig. having shown the relation between concentration of 
electrons and the distance from a compound semiconductor substrate front face, and in the case of the 
thing concerning an example 1, (a) shows the case, although (b) starts the example 3 of a comparison. 
Separation between the transistor components which a case shows n mold although an example 1 is 
started so that clearly from drawing 3 , the part of the GaAs layer 13 which contains As superfluously 
has three or less [ 1013cm - ] low concentration of electrons (high resistance), therefore were formed in 
the GaAs layer 14 can be performed easily. On the other hand, although the example 3 of a comparison 
was started, as for the case, it turned out Aat n mold as a result of spreading Si in said Si dope layer even 
in a surface layer is shown, and it is easy to have a bad influence on the GaAs layer which performs 
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component formation. 

[0023] In the compound semiconductor substrate 10 concerning an example 1, some As atoms can be 
condensed and deposited in the GaAs layer 13 which contains As atomic nimiber in an excess about 
0.4%, and pinning of the rearrangement produced by this condensation and As particle which deposited 
in the interface with the GaAs layer 12 which carried out epitaxial growth to the Si substrate 1 1 can be 
carried out so that clearly from these results. For this reason, by the GaAs layer 13 which contains As 
atom superfluously, propagation of the rearrangement to GaAs layer 14 front face can be blocked, 
consequently dislocation density [ / near the GaAs layer 14 front face ] can be reduced. Moreover, since 
any atoms other than a configuration element are not included in the GaAs layer 13 which contains As 
atom superfluously, there is also little effect affect the band structure of the GaAs layer 14, and the 
compound semiconductor substrate of the high quality excellent in electrical characteristics also with 
little change of carrier concentration can be obtained. 

[0024] Moreover, the process which makes As atom incorporate superfluously can be easily carried out 
by adopting a molecular-beam-epitaxy method, and the excessive amount of As atom can be easily 
controlled by the manufacture approach of the compound semiconductor substrate 10 concerning an 
example 1 by setup of growth temperature. Therefore, the compound semiconductor substrate 10 can be 
easily manufactxired by enforcing this manufacture approach. 

[0025] Next, the compound semiconductor substrate concerning examples 2-7 has the same 
configuration as the compound semiconductor substrate 10 and abbreviation concerning the example 1 
shown in drawing 1 . However, in case epitaxial growth of the GaAs layer 13 which contains As 
superfluously is carried out, the point that the superfluous amount of As(es) is migrating to about 0.2 to 
about 1 .5% of range is different from the thing concerning an example 1 by changing growth 
temperature from 180 degrees C of abbreviation to 250 degrees C of abbreviation. Below, the result of 
having measured the dislocation density of GaAs layer 14 front face in the compound semiconductor 
substrate concerning examples 2-7 is explained. In addition, as an example of a comparison, what 
contained As atom in the excess about 0.1% was manufactiu-ed collectively. 

[0026] In the case of the examples 2-7 which contain As atom superfluously in about 0.2 to about 1.5% 
of range, dislocation density was low, although dislocation density was as high as abbreviation 2x106 
cm-2 when the superfluous amount of As(es) was the example of a comparison which is 0.1% so that 
clearly [ drawing 4 / drawing 4 may be the curvilinear Fig. having shown the relation between 
dislocation density and the superfluous amount of As(es) and ] from this drawing. 
[0027] Next, the compound semiconductor substrate concerning an example 8 has the same 
configuration as the compound semiconductor substrate 10 and abbreviation concerning the example 1 
shown in drawing 1 . However, before carrying out epitaxial growth of the GaAs layer 13 and growing 
up the GaAs layer 14 succeedingly after that, the heat treatment process for about 10 minutes (a 
temperature rise and the fall time are not included) was given at about 700 degrees C higher than the 
growth temperature of the GaAs layer 14. Drawing 5 is drawing having shown the heat pattern of the 
compound semiconductor substrate concerning an example 8. The flux of As was irradiated in order to 
protect that As evaporates from GaAs layer 13 front face in the case of this heat treatment. 
[0028] As a result of measuring the dislocation density in the compound semiconductor substrate front 
face concerning the example 8 which performed this heat treatment, as compared with 5x106 cm-2 of 
the thing of the example 1 which does not heat-treat, it decreased even to 2x106 cm-2. 
[0029] With the compound semiconductor substrate concerning an example 8, while the same 
effectiveness as the case of an example 1 is acquired, some As atoms can be made to be able to 
condense further in the GaAs layer 13 which contains As atom superfluously, and a large sludge can be 
deposited, the propagation prevention effectiveness of a rearrangement can be heightened fiirther, 
therefore dislocation density [ / near the GaAs layer 14 front face ] can be fiirther reduced, so that clearly 
from the above-mentioned result. Moreover, this heat treatment temperature could be set up lower than 
the temperature shown in reference (61 application physics No. 2, pp 126-133, and 1992), and was able 
to aim at compaction of growth time amount, and saving of heater power. 

[0030] In addition, although the above-mentioned example explained the case where the GaAs layer 12 
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and the GaAs layer 13 which contains As superfluously among 14 were made to carry out epitaxial 
growth for each In the another example, it is [ layer / a GaP layer, / InGaAs ] another instead of the 
GaAs layers 12 and 14. While a group-IE- V-semiconducter layer is made to carry out epitaxial growth It 
is [ layer / the GaAs layer 13 which contains As superfluously / the GaP layer which contains V group 
atoms, such as P and As, superfluously instead of, an InGaAs layer, etc. ] another. A group-IH-V- 
semiconducter layer may be made to carry out epitaxial growth. 

[0031] Moreover, although the thing of the above-mentioned example explained the case where the one- 
layer GaAs layer 13 was made to carry out epitaxial growth for each, in the another example, this may 
be more than two-layer. 
[0032] 

[Effect of the Invention] If it is in the compound semiconductor substrate (1) concerning this invention 
as explained in full detail above it consists of the same configuration element as group-Hi- V- 
semiconducter layer - compared with an III group atom, V group atom is superfluously included in 
1.5% or less of range 0.2% or more Since at least one or more layers of group-IH-V-semiconducter 
layers are included Above Compared with an III group atom, said V group atom is superfluously 
mcluded in 1.5% or less of range 0.2% or more. Said some of V group atoms can be condensed and 
deposited in a group-Ill- V-semiconducter layer. By this condensation and V group atom particle which 
deposited The above which carried out epitaxial growth on Si substrate and this Si substrate Pinning of 
the rearrangement produced in the interface with a group-Ill- V-semiconducter layer can be carried out. 
For this reason, said V group atom is included superfluously. It describes above by the group-Ill- V- 
semiconducter layer. Propagation of the rearrangement to a group-Ill- V-semiconducter layer front face 
can be blocked, consequently it describes above. Dislocation density [ / near the group-III-V- 
semiconducter layer front face ] can be reduced. Moreover, said V group atom is included superfluously. 
Since any atoms other than a configuration element are not included in a group-Ill- V-semiconducter 
layer, it describes above. While being able to lessen effect affect the band structure of a group-Ill- V- 
semiconducter layer, the compound semiconductor substrate of the high quality which could also lessen 
change of carrier concentration, therefore was excellent in electrical characteristics can be obtained. 
[0033] Moreover, if it is in the manufacture approach (2) of a compound semiconductor substrate V 
group atom is made to incorporate superfluously in 1.5% or less of range 0.2% or more compared with 
III group atom, and V group atom is included superfluously. Since at least one or more layers of group- 
III- V-semiconducter layers are grown up The process which makes said V group atom incorporate 
superfluously can be easily carried out by adopting the molecule epitaxy method, and the excessive 
amount of said V group atom can be easily controlled by setup of growth temperature. Therefore, by 
enforcing this manufacture approach, the above-mentioned compound semiconductor substrate (1) can 
be manufactured easily. 

[0034] Moreover, if it is in the manufacture approach (3) of a compound semiconductor substrate 
Compared with HI group atom, V group atom is included superfluously. After carrying out epitaxial 
growth of the group-Ill- V-semiconducter layer, it is made to grow up after that. Since the heat treatment 
process in temperature higher than the growth temperature of a group-Hi- V-semiconducter layer is given 
Said V group atom is included superfluously. A still larger sludge than that of said V group atom can be 
formed into a group-Hi- V-semiconducter layer. Consequently, propagation of a rearrangement can be 
prevented further and described above. Dislocation density [ / near the group-HI-V-semiconducter layer 
front face ] can manufacture the compound semiconductor substrate reduced further. 
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[Drawing 5] 
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(54) COMPOUND SEMICONDUCTOR SUBSTRATE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To lessen the dislocation density and also, 
lessen the band structure and the change of carrier 
concentration by providing a III-V compound 
semiconductor 9 layer which contains group V atoms 
excessively within the specified range as compared with 
group III atoms by at least one layer or more. 
CONSTITUTION: A GaAs layer 12 epitaxially grown is 
made on an Si substrate 1 1 . And, a GaAs layer 1 3 
containing excessive As is made on the GaAs layer 12. 
During the growth, since the release of As from the 
surface of the GaAs layer 13 is suppressed, 
stoichimetically excessive As is taken into the GaAs 
layer 13. The content of excessive As within the GaAs 
layer 1 3 for reducing the density of dislocation 1 5a 
should be 0.2% or more, while the upper limit value is 
limited by growth method, so in molecular beam epitaxial 
growth method, 1 .5% becomes the upper limit value. 
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(54) mm(D^m it^^¥m»m&RT^t(Dmm:^m 



(57) 

[«^] GaAs^l2, I 4tm-<Dm0i7tmT^^^ 

%SkT<Dmm'^^^\Z^t5G a A s g 1 3 €r 1 

[J**] GaAsgl S^'lClAsl^^cO-gP^^fffi^ 
•fr^ilt^^T^. HCDWfflUfcAsja^lCcfcD. SiS 
SlltGaAs^l 2^0^BtCti;fc^&^lf>- 

^::tffir^. GaAs^l 4^a3fi»lC*5lt'5)i£ffiiS 
ffi^fi«-rs^:<h;&^T?^So ^fcGaAsBl 3tC«ffl 

^7iMKK9y<Dm^^'^Aj'V\^^'fSi\^^rctb. G a A s @ 1 4 
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(2) 

1 

m.^mz^\<^x, iiisus^tcjt'^TVMii^&o. 2 

[0 0 0 1] 
[0 0 0 2] 

E-T) aS±tCGaAs<&xtr^+->-v;U^g$-ti-^C 
t (C J; 0. SI *««Wr^tKt«6<)5ISt. G a A s 

TS iS«tGaAs^t0^ffi<CKfi:*tJgfig^fng 

OWiateffi*««ieG a A sS©^S»::rRl*»oTe»LS 

g|fi2GaAs®^StCttMt2IE{4*^#< 
#«EU gai3GaAsS»C*lt-5^Sja«<DiKatt*t<S; 

[0003] GaAs @^ffijfi€glC*5lj-Stete^S*ffi 
i^-r-5:*fti:bT. taiEGaAs®t|'Ctefi:®eS!fe«I 

wr •& &«>®<Effifi«® sffAf •& c t e nx 

a, c:®€fi:fi«®ir«GaAs®t«ft;*«)iS^SW 



4#M¥8-9 7 14 0 

2 

Tti'S O&fflifeS : 6 1#2^. PP126-133, 1992 ) . 

[0 0 04] mi.'&mit=i-m\z.\t.. mx\t I n O a a s 

S-^GaAs P@^OJ:5;ftGaAs^ittt&^3£S*^ 

GaAs en 
■5. *fcGaAsS4'C«i9;^tfZn, In, S i JI^ ^ 

ffi*ibr>x>i^$n^«Sma:tc<tr). SiJIHGaAs@S 
[0 0 0 5] 

[^9g*i<»9ttL<t5frsSS] LA^L;**i^±IHbfc 
taiaSjei&^^IUci; D O a a s A> H«it**3E^kU 

a<, ;i®A'>H«ji©^ft;**GaAs^«ffi)a»®« 

[0 0 0 6] *«:fl(riE^««i*«»llDSnfcft^i»ip«fl: 

A s®«Bia«^lCl£fS:LTL*5^:. Zn, InSfc« 
S iJl^^©^iM!t&d»F-/t>NtbTf^fflL, GaA 

[0 0 0 7] 

©■c*o, s is«±c iii-viS{b-&'Ki¥^^®**x 

©IE^bt>^l>;S:^^ «mW#ttlcffinfc»aM©^fc^«&¥ 
«ft:S«2&tX-€-©Kji;&jS&S«r.5 ;it&BWt IxT 

[0 0 0 8] 

[Kii^£»sfef -sfc*©^©] ±EaM*3^]«-r^/tJe) 
11 1 - vmc^m^%^mt!^:i^\f.9^ -> -^^ ^ -a- ^ 

i|43S»©tl^-©«liac7c3fl*^5lS?). III«M^^tCifc'< 

TV:KII^?£:0. 2%£i±l. 5 SSKT©<Sffl-eji#JlC 
^tJ III-VKfb-&t»*««:^£;a>?i<.ht>im±^ 
^^?^i■2);li:&!t$®<i:bT^»■5 (i) . 
[0 0 0 9] *fc*«gBC««^k^«!|i|i««:a«©«ig 

X bf 3^ -> V ^P^S ^ -B- 4{b^!Ki¥««^S«©ejt:&ffi 

iCfeV^T, IIIi^?^lCtfc'<TVlSIg^*0. 2%£t± 
1. 5 9^KT®«5fflTjS^tc5tO)X*-li-, VSjlM^>&ja 

^tr:ii:S1$a<i:L.Tt».5 (2) . 
[0 0 10] ^^4:%i;8i:#«ft^«l¥'S{|:S«i©fii§ 
±E (2) gBtS®{k-&'fe¥9l«:S«®Kji:^« 
JCiO, iiiSUS^»ctt:'<TVKM^&ia«»c$tr III 
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(3) 

3 

Sit) t>i§iv^s«i?©jR«iaxs*ffl-r z. t t u 

T^i■5 (3) . 
[0 0 11] 

^. 5>^il8Xtf3' + vffi^fflV^Tit$!lE6<)e® (2 0 0- 
3 0 0*0 ©Bf^iaa!T^eSit-5Ci:tC<feO. Ga 

t**^ll6nTVi-5 (Thin Solid Films: 231(1993) 61-7 
3). Jl©«^. *tUTdJfiSft*^^2>CtC±D, 
KUBG a A s e«tc*lt« A s oaSBawaiftSfHWU 

[0 0 12] 06ttS lS«±tCGaAsg*iXtr^':^ 
5'^;i')«S$1i-6n, CC!)GaAs®*lCAs*iaS^C 

^tjG a A s 1 ^#^-e^»s^fc^%¥^fl^s«lc*5 

H>t>l 1»S iS«&ji^L/TV^-&. SiSKll 
±fcttXhf^':1r>'-*'Jl/^fiS-&e>nitGaAsSl 2d« 20 
Jg^Sn. GaAs^l 2±tC«jl»OAs^&-^Wrs 
G a A s ® 1 3 *«J^*£SnTtiS, G a A s H 3 tt± 

ST^fiS«5nT*5K), GaAs^l3S 

mi)^<o<r>p^s(DfmMnu^n^tz.^. GaAs^is 

*tCHfl:#ftifeWlCii*J©A8*t5lOji*nTl»5. * 
:^GaAs€l 3±lC»GaAs€l 2 ^BSI^^tCXtf 

^^->-v';i'«g3-a-e.nfcGaAs^i 4*tjg^3nT 

:feO. GaAs^l 4®Xtf:J'=^^v'-\'JVfiEgXS+»Ci5 
V»T. GaAs^l S+fcjgiiHwStDii^nfcAs©— 30 
eS*t«»l/, ^JSAs 1 3 atlxTWWrSilttJS: 

[0 0 13] J:©J;^tc«j«$nfcfl;^«3¥«<i*:S«t? 
tt. S i«fil 1 tGaAsei 2 t©»Sfc55*b/t 
tefStl 5*i^JSAs 1 3 a\z^K>\±y~ytf-^n^zLt 
tti^bo U^c*itjT-SS©<Bfl:l 5 a*K5€r, \3it/vE 
©<Et£l 5*«GaAs®l 3»C*D:/0<yi/$nTG a 
AsHl 4's®Gfil*<Eil:$n-5rtt;*0. CWilg 

G a A s g 1 4 ^ffijfifi^(C*3lt^lEfi: 1 5 a 
7!i*MiJ>-r-5. tefi 1 5 a(DmS.^M'J^^-^^tctf}0>G a 40 
As@l 34'(C«»t-&]fill!l!%As©^«ft»0. 2%£( 

dttiffto, i)'7^iSxbr^'^>'-\';i'^gfeci5V»Ttt 
1. 5X*«±IE(it«:-5. 

[0 0 14] iiew^c-fk^^iii^^^sig (1) c^n 

tf, MIE III«lS?tcH:'<TtaiEV;tell^&0. 2%£t 
±1. 5?g£AT©«Ht?jaf(UC^tJ III-VK{b-&tJl* 



»IB¥8-9 7 14 0 

4 

mzsnit^&soik^m^m^&^ifii^^n^ ctt 

[0 0 15] mrc±mm0Si<oit'^^^mi^m^<r>mm:^ 

m (2) lC*Jlt-2)V«llg^Sia*JJcmDii*ii:-5Xg 

tt. »^xfc!;j'^->s&«fflf-5c:i:fciD«S»;:SI 

i?Stc^f9$n#^. ±E«}filc©^^4^¥9^S«©Si 
ji7Erj£ (2) ^mmr^z:t\z^r)±fzn:^^^mii^m 
« (1) **#stcsii^n^;ii:t7i^, 
[0 0 16] ^ft±miy-ftit-^m^m»m^(omm:^i& 

^<i!9Hf^m»mfi'izmfRvim^<o^ o-m^^^^ma^ 

-@KF±$n, WE iii-v:K<k-&!Ki¥«f(i:^affije^ 

[0 0 17] 

•5, 0Ui*^e^tc«^^b-&ti¥^«:»«©5ISfi^Ji& 

S l±»C(±J9^*^iii?Jl Min©GaA 

s€l 2;«t)^^$n. GaAsSl 2±IC(tAs 
0. 4%ja*l{C^tyJP$*tJi!50. 2/tm©GaAs^l 
3*t}g^^tnTV».5. GaAs^l 3±tCttJl$*ti»?j2 
um©GaAsJSl 4*«}gJsSSnT*D, C^nSSiS 
ffill. GaAsS12. 14. A s S'jaSWtC-^tJG a 
A s © 1 3 !£^A/-C{b^«5¥3*«tS« 1 0 i>m05L^nx 

[0 0 18] e:©J:5;a:«j«©fl:^itS>¥^»«i 0* 

Sit-r^a^, 3Sg^igi:bT@#:As&i;H«cGa*ffl 
^>Tf^llxt:5'*v'ffilcJ:r)^gS-li:5. sr. S^^r 
(0 0 1) ffit?. [1 1 0] ;&|6J(C2' «Vi&S i 
S«€r«?Jl%©7->K (HF) -V^WLfc^. ^^^X. 
tr;J'^v'5"l'>A*-tC#Ab. #?J9 0 0*ClClinlKibTS 

KuRit^sftcAr). *-r A s ©G a icjtj-rs^mi 

^ait*lji<)2 0. *Sgiift*i!it|4 0 O-C. JESgj^S**?) 

0 . 3 xt m/ h jc-en-enKje s i ss 1 1 ±.izm 
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(4) 

5 

SrA^iffjl 0 OnmOGaAsS (.WMM) 12aSr^S 

-?-n-t?n^j£L. ^S*t«?j9 0 Onm©GaAs@l 2 
b*^SS-e-. ^tmei wmOGaAsBl 2*?g|fi-r 
5o ;*:ICAs©GalC^*-r^i>?HBl3SS]t**?>2 0, ^ 

Sfla!&if^)2 0 ot:. ^gj^&ssji Atm/hic-e-n-e 

ni9:^b, GaAsei 2±CAs Srig^lr-^trPiSdi 
IKjO. 2i[tm©GaAs®l 3&Xfc:^'^i/-fr;i'(Sg$ 
■a- 2.. ^(C A s WG a \ZM-r^^^^it^1(f3 2 0. JO 

■€ni8)£U GaAs^l 3±fc»$***?j2 umOGa 
A s e 1 4 SrXlf^:^^^ y;I/^S$-B-2.o 
CO 0 1 9] ±IB©5&ffiCJ:»3Sje$nfcft-&'il*SS*^ 
S£ 10<DGaAs€l3 ct)tC:t3(t'&iiaf>l(0 A s fi&lH 

i^hitmm. mo. 4%-vibz>it. fiis:i(omm<DAs 
m\t. -r-cic^d^tiTti-sii^jSAsst^s^^is:® 

WUt(Om^ (Thin Solid Films:231(1993)61-73 0 
3) SfetC, X«ia*TCJ:0IB!l3eUfcGaAsSl 3 

[0 0 2 0] «TIC. 1 trfS*fl:^<^Hi«fl=S« 

Mf*. «fi:Satt*!j3 5 Ot:K«o?S:»lWcBl^b*'J 
•^A (KOH) {cKlBf*iii53 0#KSb, GaAsgl 

ifc«« 1 1 UT. 1t^^^m»m^ 1 0 5 G a A 

2 t UT, ■ft;^%*»flfS« 10tC*>ltSGaAs^l 

3 0«*3DC, J9$*«»0. 3 umOja»Te*«Jf AS 50 
nrtiSfcO&ffitifc, dCDjSt&T^W. *!j2 0nmO 
Ino.i Gao.9 As^i:ij!>Jl Onin©GaAs^t!£ 

1 OSefSgUfcfe©r»r), I no. I Gac. As 

Htt A s ©G a fC?*-r.5»^«5fiaejt€:i!!?1 1 8 . fSSS 
a!**!>5 5 0"C, 1. iMm/ht^Jt-r 

-5rtfcj:Dj«s^^-a-fc. *fcJteffii3tLr. -fb-^tSF 

0IC*5ft-5>GaAs^l 3©f^*3DIC. » 
ICJ:0, GaAsS't'ClliSjSx 1 0"<H/cm' ©SI 

[0 0 2 1] a 2 itmmm 1 atxittsiECJ 1 ~ 3 \z%ut 
^«^¥^«s«©G a A s m»m\z^»^mi(Lmmom 

SltfS^l 0©IEfi:SStti!i55 X 1 0' cm-'T»0, 
As SrjaSdK^tyGaAsSl 3*»}iJ^SnTV>;iS:ViJt 
tS!«91«C«-5>b©©«^ (IB3X10' cm-') \Zit^ 

1 0 ©iE{iffiS(ijS»?s*^»AsnfcJttt«y 2 cfigs 50 



!|*IB¥8-9 7 14 0 

5 

*)©©«-& (iji54X10» cm-') tKWigftTa&O, 
SfcttiS^ 3 \z%i *)©©!&& J: D 
[0 0 2 2] 3 las^iSS tft:^!ii¥9lfl^»lg^ 

ffi*^^©E»t©il^g4S^L-fcffil80-e*O. (a) 
Illicit l(C«g-&<b©©«^. (b) »Jtl9!0!l3tC^i>«> 
©©«-&«^bTVi-5. ^3ifi(bm^i)^U^olZ, mt& 
mHZ^^'h<O0)m'B\tnm^7r^L. A s 
GaAs^l 3<0^^\tl 0" cm-»£tT©fiVi«^ja 
« (SSfijK) »r«ioT*r). bfc*«oTGaAs@l 4 

\zmm-inrzh7>>>7.^mirm<D^m^^mzn^ 

•5. -*Jt«E0!l3»ClS.5t>©©«^f±miBS i H-:/S 
JgfiKSrff 5 G a A s SlC^«*R«USti Jl t*tij-j4» 
[0 0 2 3] ;in6©ite**^&§ge.j!i^;iJ;aJc. Slififiq 

1 1 0 Ttt, A s 

0. 4%Mm\Z-^tSGaAsmi 3'P\ZAsmT<D—m 

S:S«-*ftas-e--5;:t*tT^, i:©s*-«ftHUfcA 

sS^lc^rj, S lixfc:^'+s^Y;Pj3Efiaiir 

fcG a A s e 1 2 t©»ffifc±i;it«ffi&tr>x>ifs 
■a-^rt^i-e^^, z.<r)it^. AsM^=^*ia*lic#tyG 

aAs^lSfCfcO, GaAsgl 4S®'^©C(i©e 

»«:/ns/i?-r-5::t*tTir. c©|g«, GaAsSi 

4m&'j&m\z^n^m.^mm^i!mt^ ^ 

sfc A s mj-^'^m\z^tsG a A s s 1 3 iz\tm^7tm 

t^^l-©!!? Sr#^-e^J7S:^ifc^^>, G a a s S 1 4 ©A*> 
-ftVi. «MW4$ttCfinfcHiaS©^fc-&»¥«ft:S«* 

[0 0 24] ^itmmm 1 {c«.5'fb^!i&i|i»fl:»s 1 0 

<D&m:^m-v\i. AsMT^mmizmo^^ii^xmit 
^'f-mxyf^'^i^m^mm-r^z.tiz^o^mzmmr 
^ c t*JTfr> sfc A s is^©jaiafittj«fifis©is^ 

[0 0 2 5] j*c»;:5liS09 2 ~ 7 \z%i>it^^^m»m^ 

\t. 0 1 ic^bfcsiig^ij 1 \zm^^^!^^^m»m^ 1 0 

tBSIl«©«fiK**LTti^. As^iSPJJC^ 
tJGaAsffll SSrXtf^+v-V^HsfiSS-a-^)!©. fiES 

iift&isi 8 ot:*>&iiS2 5 o-c^-c^fli^r-fr^Jitfc 

iO. 3a^©A sg*^*5 0. 2%*^e.ii«?Jl. 5 3«©fi!H 
{r*3fcr5Tl»-5jS*i|liS«f« 1 lC««.fe©tffifiLTti 
5. «T»c. *!fiW2~7C««fl;^<t&i|i«flcSSC^ 
tt-5G a A s IS 1 4^ffi©et!l:a5S=6iai5tbfci^«(C-P 
t»TSi?gfS. ?a:*3itei«aii:L.T, AsH^&iftO. 1 

[0 0 2 6] B4»<E(t)r%fta:]ail>)©Asfia:©BI^$ 

A s 0 . 1 %oitmi0>m-t\tm&m&i)m 2 X 
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(5) 

7 

10« cm-' tSS*»-3fc*t, AsIg^«:i|i!jO. 2%*»6 

(0 0 2 7] ^lc«JgCa|8lc«S^)^b^t»#«ftSfitt, 
SI 1 \z.7h\y1twm 1 K«S{b-&«i¥«*S« 1 0 tlS 

l^«IO«ll!£*=frUTV>-5. U*^L/. GaAs®13<£X 

&^fiSli-5irt, GaAs^l 4©J«giaaEJ;0feiSS 
V>«?»7 0 O-CTifil 04J-ra (fi*±#RtrFK^ffl«^ 

OaAs^l 3«ffi*^SAs*«j|| 
5S-r-5©*86<fcs&, As©77-y^X^&Biltb;rco 
[0 0 2 8] ;i©!^J!lS*igLfcg|JSCfi|8IC«Sfl:^tl 

9$%d!&('>^Sfi«!llC!>t>(D(;>5X 1 0* cm->(clt«l; 
2X1 0« cm-MC*-CMi>bfc. 
[0 0 2 9] ±EilS«*^6?^S*^JS:J:5C. SliS«^8tC 

**«#6nst*Jc, Asis?*3a«lc-g-trGaAs^ a? 

I 3>fJtAsMi=^0-«*<kt)-SM*$1i-, :^^l'>*f 

^ii.xL<D^%Mu.mt-xis. (Mmmm'o i#2 

PP126-133. 1992 ) (CS5nTV»2>ilftJ: D "bffi< 

(0 0 3 0] u^±s.\^itmmm-Q\t> v^rnfeGaA 

s€l2. 1 4n(:As$}g3idt:-^trGaAs€l 3;^ 30 

X tr ^ + -> s 1*- nfc:!^ ir o Tift?g L ;t 

W\<n^Mm-Q\tG a A s ^ 1 2 . 14 a)Rt> D tCG 
aP^-^I nGaAs^^OgiJ© Ul-vmt'^m^m 
fl:S*<Xbri'=^=-5/-fr;Vj«S3-&6n-5ttfeK:, AsS 
iiPJtC-^tf G a A s ^ 1 3 ©f^t) 0 1- P-^A s ^CD VK 
IS? SriiSOt-^trG aP^-?>InGaAs ^^©9)® I 

II - viSfl:^«|iJi««^S*«xfcf i'+5'-v>>H«fi$ii- S ti 

[0 0 3 1] Sfc±l2L;t||JS«ai©t>©Ttt, ^i■rnfe 
l^®GaAs^l 3!6*Xt:^^->-V-'l'fi£:S^E-B-6.nfc ■^t? 

[0 0 3 2] 

(1) lC*oT«> III-V:^^«i|ili««: 

g^&o. 2a6£t±i. 5 ««T©«efflT?ia«lc^tr I 

1 1 - vm:%m^m^m^^i3. < t i ffl«±^^T^» 

s©-c. taffi iii]K]s?icit'<Ta382vsy5?!&o. 2 
«£t±i. 5 a6£tT©«6ffl-cja^ic^tr n\-vw\:^ so 



i|$PB¥8-9 7 14 0 

!aj¥^«^s*icirEvm[i?©-es*s« • wms^-s 

i s^tSES 1 »fi±icxtr^=^^->^;i/^ss-e-&B(rfa 
1 1 1 - vm^-^«k^mi/i^m t ©istMtc^ > 

x>i^Sii-*j:t)&«T*«. r©fcj&. WIBVSelS^'* 

- v:Kfl:^ia*^{*:^^®'^©effi©es*:/D ^rf 
^iitj&tT?^, ^©«g«, Mia iii-vsifl:^«j#««: 

B^'^i«^7c3!le^^1■©JS?*•&^T^i;ft^>fc^^). laE i 

II - VK^b^i»ifi««c|i©A> H«jitcRS-r{KB*^ 

iaR©fl:^«3#«^S1g&f§-5 c t^i-e^s. 
(0 0 3 3] SfcflS^I&^^^^S^Wiet^a (2) \z 

*oT«, III»eM?»Ctfc'^TV;KM?&0. 2%£;± 

1. 5?66iT©«BHTja«jc^oa>s-&. vaugTSia 
iwic^tr iii-vififls^(»**ffB*ii>js:< tt) 1 est 

XS«, ^}-?Xlf^^->«Sr«ffl-rscttrJ;D^a(C 

*ii-rsc:tdtT#. *fcstriBvi^M?©ia^a«^s 

fia©l9!«fCJ:0$acffilfllTSClt*«-C#«. Ufc** 
oTci©»jg;5ffi*^iS-r5cii:{cii3, ±iBfl:^«»* 

(1) «$s»riajt-r5r<h*t-c#5. 
[0 0 3 4] *fcYb^t(i|i««^s«ffl®jg:5ft (3) {r 
*^T«. III«JS?fcJt'>^TVJJ5Jl^'Sjg*9»C^tf I 

*©m»c^gs-B-«. lu-vmt^m^mv^moim 
smsj: 0 'b«v»ia«T©rsi«i3ais*jfiLT*< © 

c:td<T€r. c©ie«. ^fi:©e»s±o-^Kjh-r«> 
Jlt*t-CS, laiB III-VJKfl:^'»¥JIM»:®«Mjfi»C 
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